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BRIDGES AND VIADUCTS 
| 1905 


TRES OF MASONRY AND CONCRETE 
FOUNDATIONS. 


all structures, requiring the approval of the Department of 
ways and Canals, the following general conditions will be observed, 
and are the minimum requirements for substructures >— 


i - aa 
ay i mt erie Wy nm rnin he FE By 
oa to rest, must be determined by soundings and borings, with the **4 7 Pa 
al appliances, or, if necessary, with the diamond drill. Upon the in- ae 
| obtained the type of foundation that will be approved can be i 


+. < +s 


of caissons, or cribs, sunk by dredging, or other method 
vat below the bed of river; before filling the caissons the 
Engineer may require additional borings within the cribs, 


_-& Foundations in a depth of 20 feet of water, or more, difficult to be Pecumatir ae 
ke “unwatered, and where there exists the slightest uncertainty with ““***" con Roe 
™ urd to the material upon which the structure is to ultimately rest, or 

‘the formations of material beneath the proposed foundation seat, to . 

; “gceure a proper foundation for the piers and abutments of the bridge . a | 
*  paeumatic process will preferably be required. % , 
- -&. Pneumatic caissons may be constructed of timber or steel, if of P io 
a im sound timber may enter into their construction. They shall : r, 
oh satsie’ef'etvengts, be petgetiy bolted and the pneumatic Glaailer oe 


Ui 


Area of pile 
foundation. 


thoroughly braced. The dimencions of datésons both of ts MEE od 
heught will depend upon the character of the material upon which 7 
will finally rest and the depth to which they will be sunk. 


Detail plane of the caisson must be submitted for, and r 
approval of the Engineer before the work is commenced, 


In order to minimize the dangers to the workers in caissons a 
ances and mechinery eobmested with the pesumatic Sonam 
most modern type and the best procurable for the purpose. 


4. Tho pormissiblo bearing pressure, per square foot of founda 
will vary with the character of material upon which it is propc 
structure will ‘ Y (ey J 

tispebterttde Gite Simchettnna, toe anck oike SNE 


iv a similar manper. 


| 

5. In pile foundations the piles will be generally 12 inc 
inches at the head and at least 8 inches by § inches at the 
for piles 30 feet and less in length; for greater lengths the piles m 
reduced in diameter 1 inch for every additional 10 feet to a 
diameter of 6 inches. 


prcevpibpe yeiliererfy opr es 
mer, straight sound and of live wood. gine wil: bs pnetiiee 
and shod if directed by the Engineer. They will be driven 
et aiok Sp endet ORS 9 eee ons tua 
foot. . TS veneiry te tla 


6. rasrishia assets eal 


vated or dredged to a depth determined by the Engineer. 


The gradejef the botieutef adel foundatiastih Sane : 
tht tap of iden and befensth-cemniaheto-Sepiins Osea 
be cleared of all material. » ie 


7. Pile foundations with platforms; ie - 
Inieht dzeotad by the Rngiaver and expped til9 lech 
timbers, upon which shall be laid a platform of timbers of th 
dimensions, both will be properly secured by drift bolts of 22 i 
Finch in coe, Spaces Setwen ples Aiba SsthoW esse 
sac tstesla teiben fl te ted oi ee ee 
spaces between timbers will be filled with concrete ra onal 


8 Pile foundations, which are inclosed with w t sheet 
will be excavated or dredged to the depth diréeted cas 
piles driven after the excavation has been n hey will be ‘a 
at least 2 feet below lowest water. The sheet piling will be sawn. 
and the sheet piling will b> ied, wich theta 
concrete. ; 


Rad vis oak utter ote he 


Hin ‘around masonry or concrete structures, will bo by layers Fillise 

— J&. Structures upon bottoms liable to scour must be immediately rip ™P-raeeet. 

= Bee Ate Ae» 

44. Bottounless timber caissons which rest upon the bed of river, when ne 
orms a suitable foundation, the bed shall be levelled off before sinking frer. 

#, and by shaping the timbers at the base of caisson allow for 

r of surface. : 


WS. When the caissons rest upon piles the bed of the river will be Catssoas 
soft material removed, the piles will be driven and sawn off “°™* ""*-; 
The timber caigsons will extend to within 3 feet of * 


pot eaissons, when partially filled with concrete deposited Bottomicss 
rough water (to seal the bottom before unwatering), if there are vacant a pn 
ae between the foundation bed and the base of crib, subjecting the °**T***- 
_geeured to the timbers and project over the bottom, bags of con- 

fe will be placed upon the canvas, and divers will fit them well into 

ingles and apertures between the crib and bottom so that all scour will 

be) ; other effective means may be used which will secure per- 

+ fedtly still water in the caisson. = * 

Shpig proportional depths, in caissons or cribs, of concrete deposited Depth of 
| under the water to seal the bottom, and that Isid after the cribs have jai under 
been unwatered shall be determined by the Engincer. Divers shall be **!**- 

tent down to pack and fill all angles and spaces around timbers with the 

ae _ Caissons will be designed to resist the pressure of water which 
18, In concrete deposited, in caissons, through the water, if required, Concrete 
f has properly set, « diamond or other drill, will be used to obtain grit 
Pa and to determine the character of the concrete before the ap- 

_—proval of the foundation. 


. will develop hard eet in mot lees than one hour nor nore than#a 


b ~ mame 9a, Ths sama, in. pute, So-ihe Viesbaiells wail 


‘ 


shi have stalt bo ccdgih tien Aiea taakaanaian 
inner face of timbers and the base of masonry. 


90, If 0 exth ts built perpendionlas, & ii a 
masonry of picr produced must fall within the crib, ba 


PORTLAND CEMENT. 


21. The coment must be of the best quality of Portland « : 
fine ground, dry, free from lumps, preferably packed sole 
with tarred paper: 


29. It shall have a chemical analysis, approved by the E engi 
determined by the tests of chemists of his selection, and shall nat 
tain more than 1°75 per cent of anhydrous sulphuric acid (1 : 30s), no * 
more than 4 per cent of magnesia (M*O). > ie bee 

It shall be fresh and shall not crs lon a a 
not of that degree of freshness to be hot or quick setting. . ee |. Se: 

23. Cement must be freshly ground to a degree of fineness | 7 
epee pope 
to the square inch and 75 per cent, by weight, through a sieve of 40,000 — 
meshes to the square inch. ae 


24. It shall not develop initial set in leas than thirty m 


i ea 


25. Neat cement pats for testing will be mixed upon glas 
minutes with 20 per cent of water, by weight. Rock pat wil be 
Shesthan tn antisense Oren 
edge. 


Pats in air, wited ‘ih cbs ‘tanta! ahidil Yel Meee 


thal show no sign of checking, swelling, bovine, cruking 8 ra 
and will have a blue gray colour free from yellow spots and bl 


initial set when the pat will withstand without indention the wi 
inch diameter loaded with a Sela: of 4 pound aul ail Manan 
hard set when the pat will withstand without indention the w ‘ire 
inch diameter loaded with a weight of 1 pound. ives 


91. Briqueties will be of standard form wilt 6 ailshanill 
cstmnsse kid. aka The mortat will be preseed into i 
with the thumbs and smoothed off on both sides with the 
Sebo wil shag a iy cess Fs OU 
four hours, and submerged in water maintained at the same 
and remain therein until broken. The test room for the 
tions will be maintained at the same temperature. . 


ite , Lae. per & In. 
BE ha Aeon wots, as-cs cseues 40 
One day air and 27 days water. . “e+e #8 oe ee oo 


2 ) increase from seven to twenty-eight days shall not be less than 
mate Y Z f per cent. 


is proportion of waler toed will be such an the misture Ia Musee ant 
uch y wetted but no supertous water when the mortar is pressed briquettes 
=. vald. The briqueties, the method of mixing, filling the moulds 

r operations will be the same as neat coment tests, 


airs tensile strength shall, in briquettes of one part cement to Tense 
e parts sand, by weight, be : — 


a 
~ 


a Lie. per Gq. In. 
at dee tie and tovnty-coven days woter, «ie. 2 

@ increase from seven to twenty-eight days will not be less than 
five per cent. 


BR cd dae ches tacks Wel bn of creted seuirtn, whlah wil sane te 
= a twenty mesh sieve and be retained upon a thirty mesh “* 
a 

Ord ry sand, when used in briquettes, will pass through a sieve of 

; menos 10 the Lineal inch and be retained upon one of twenty 


RS gall Paaniglagraletageaaby yoredewst — ee 
um or other impurities t te 
a el “fi 
le SEY Wiel i ‘cekcliohd of echiont, Med Whe hocdlens mann, Gr Gonmecia 
pre ees tee eles 0s, 20 Pesopertions the Baginoer mag Seeet. © eonerete. 
Timm z iby bikie Mead shone, Ti dial be clean and coreened and of seal ""™ 
1 — ms the Engineer may direet. 
8 Gravel will be of amorted siz, sorened and washed entirely oraet 
free from clay, loam or foreign matter, and also clear of slime, scale or 


: 


87. When concrete ie permitted, in 
cubic yards and in batehes, not to 


so that every stone will be coated with mortar. The cement an¢ 
shall be first thoroughly mixed dry to an uniform colour, with not less 
than four turns of the shovel, and that quantity of water added whic 
will enable the mortar to remain firm upon a trowel and the 

then turned four times, The stones must be well moistened befe 
mixed with the mortar, 


xtus 


38, Boulder or ‘one man stone concrete’; the stones or bou 
must be thoroughly cleaned and moistened pomp ray 
work. They not be laid closer to the face of structure 
other than 12 inches and shall be thoroughly-packed with the co 


39, tn lors wid is ening? tcl totes i 
used not over 2 feet in thickness, the stones in the aregate Ww 
exceed twenty-five per cent of the entire mass. 


‘ wf hia «tg 
. 


40, Concrete shall be deposited immediately after: 
an intitial set commences, in even layers of not over 9 i 
ness; it shall be well rammed weir ean hn. 
he followed by the next course before set has taken place, _ 


Concrete, which has taken set, shall be cleaned, ro 
of mortar spread, or grout flushed, over it fore the next cou 
posited. Fresh laid concrete will be covered and protected fre 
before masonry is aid upon it tee willbe twenty-four hurl 
for set. + eae Jin eee we 

aie ) 

41. Concrete, when pocuiitted 4a be laid tele eae nd on 
vands capusey; of sppeelod {ution tse Seco Nga we, 
yards capacity, of approved pattern and every precaution sk 
to protect the concrete from the action of the water. 
will be taken that the bucket is not dumped before reachin 


42. Conerete, deposited through the water, shall be p 
cement as there is considerable wash of coment from the ne 
: in te siti + : be of ia | ‘ 


Praly 2. bia See 

42. Conerte may be deposited under water throug ater- 
telescopic tube, oF a telescopic tube bucket with an au matic h : 
tom, reaching to the surface upon which thé’concrete is to. 

and in layers not exceeding 2 feet in thickness, ot . 

hy the Engineer. Vag Tako a 

a wet cer acer 
M4. The concrete must be fe, to tube without bucket bs 


tinuously from a hopper on top of it which shall be at least 
capacity of the tube. 


(whale re ‘Wh =<? 


ieee ital ordae te wun suai cd pm. « vn 
Pin to raise it over some obstacle, or out of the water. In case the 


tet becomes full, or partially full, of water it shall be lifted slightly and 
wu water expelled by suddenly filling it with concrete. 


45, In the depositing of small quantities of concrete, where the tube 
— rn Sones by weeae rom, anes Sn sabe 


4. Suggested proportions for concrete by volume and measured Provertions 


crete. 

a = a ; ee 

Portion | Otsenstor 

Sane. Seen 8 of tome 
oS ; : 3 : 
BPemaietaemsnes > rece : 3 ; Hy 
7 aed week 1 2 4 2 
eg tetiom....... .. i 2, 5 4 
Ip eget : : 2 

ee eee 7; 5 

i : 5 i 
i 3 ‘ I 


CONCRETE STRUCTURES. 


47. For concrete structures forms will be constructed of sufficient Forme of 
ty to maintain form and outline. On exposed surfaces they will Strecteres. 


f dressed and matched lumber. 


‘ will not be removed for forty-cight hours, or such period of 
pa the Engineer may deem necessary. 


18. Exposed surfaces will have a facing of mortar deposited with the Pacing of 
Set semerote Which wil be well pated and tamped with the foxing. —"™ 


¥ heavy conerete walls provision will be made for expansion Provisies 
every 40 feet, in light walls in every 30 feet. ae 


0. C abutments, arches, retaining walls will be, preferably, Water 
water-proofed. After the concrete is dry it will receive » "Se 
oy aephalt cut with napths. This surface will then be covered with 
consisting of one part mastic to four of sand which 
SEM Ae thevenghly tamped and pressed into place cad sncothed off with 


Modulus of elasticity of conerete.. .. .. .. 
Modulus of elasticity of stecl.. ...... .- 


S51. In maximum compression— tha Seal 


In arches for clectrie car and highway bridges, ex- 
clusive of temperature stresses.. .. 6... .. 400 
Including stresses due to 40° F. variation in tem- 

Perateres.« o 424 5%, «5 eee se OO 
In arches for railway bridges, exclusive of tempera- _ 
ok er ar = 00 ™ 
Including stresses due to 40° F. variation in tem- 
POFALUTO.. 66 oe ns cs eee oe 00 oe ce os 00 MOO FT 
Maximum tension on concrete... .. 6.06. cee oe OO 
' Maximum shear on concrete... .. 2. 6. ceee ee ee WD 


it 
52. Highway and electric car bridge substructures « 
a factor of safety of four in thirty days. Railway 
oialh ero a loat 0 fasten fs G9 3 Ra 


53. Maximum stress on steel— gate ds 


- 


rire sie: 


gic 

ici lin in. coclis, saliog 4, ee Sa 0 
oqere ick aunt See Se Se 
without assistance from the concrete. 


Ia strectuneo tehdeah tp incungicaledianatan 
to take the entire tensile stress without aid from the concrete. — 
of reinforced steel with an elastic limit of 30,000 pounds per squar 
will be about one per cent of the area of the concrete, | 


54. In walls and posts subject to compression only no allowat 
be made for the strength of the imbedded steel. : : 


‘ 


58. The stouss shall be of & bound and Gatciie aaa 
dries, shakes or flaws, and of a description which will not e af : 
the weather. sav — 


The matunty, jictiailiginal dade tall id in oo 
exceeding 36 inches nor leas than 15 inches in Salis 
aot wrchnot mace then'8 tea ered a Tin 


stones and without hollow faces. There will be a chisel draft 
2 inches at corners and batter lines, s Gioieae 


56. Coping stones, chamfers, arrises and cutwaters ! 
dressed. 


stall 


BT. Stretchers shall not be more than 6 feet in length nor ees than 4 Sueuhers 
feet, the upper and lower beds to be of a depth not lees than 1) times the 
height of course when the course is lees than 24 inches rise. 


| SR Headers shall be built, in cach course, not more than 6 feet apart 
SU dhisd bs'Giot Gay vit to canclly tiettheted over bt Gorm of Gs 
tare bat tn tno case chal 0 header come over a jolnt ner o Soins ever 
a header. Their length. in the face of work, shall not be lees than 94 
h . They will have » depth in the wall of at least 4 feet and not less 
pee their rise, and will have the dimensions through the wall 
SEOUL have in tho face. 


iitaiin, © fost. ond under, and piers 7 feet and under, in thickness, 
lt have the headers exteod throwgh the whole structure, in thicker pet 
© will be a header extending between the face headers. 


MG f Tike stoncs must be square jointed and laid on their netural beds, Bete an 
gp largest bed down ; the beds well dressed, parallel and true and as *"* 
Pee a8 stones will admit of. 

bed and sides of stone will be cut and dressed so as to form joints 
d-inch in thickness ; the beds throughout, and the side or 

eal joints, shall be dressed close for at least 12 inches back from the 

pe and 1 to 4 inches for the remaining length of stone, and shall break 

Bot less than 12 inches with the joints in the course below. 


bane whose joint surfaces may have hollows not more than 6 Hollows ts 
‘aeross, provided these holes do not exceed one-third of the joint *"* 

of required and that they are not nearer than 3 inches from the 

ton joint, may not be excluded. 


a ieee Caping etones, parapets, bridge sents, arrises'end catusters thell sisnai' ts ho 
y cut, either chisel-dressed or bush-hammered. ; — al 


6%. Stone must be moistened before being laid and before the succeed: sreses, bow 
hg course is built. Stones shall be cleaned and fitted to proper bearing * 
and bed, then raised and » full mortar bed spread, and shall be brought 

to & firm level bed without the use of spalls and pinners. Stones which 

Seen peenasired after mortar hes oot shell bo tahen up and reset in fresh 
Hammering on stone will not be allowed after mortar has set. 

course shall be flushed with mortar before the next course is laid. 


. IER ocoing of plows snd sbutments chall bo the bent tons Sound! Gums 
fim the quarry and shall be not less than 24 inches in vertical height for 
ae tena. The stones shall be dressed square throughout for j-inch 


oa 


4. All masonry shall be pointed ; the joints shall be freed of mortar reisting 
tothe depth of 14 inches and refilled, they shall be throughly moistened 
before pointing, and the mortar kept moist during the day the pointing 


= 


: _— 


te 
—. 


4 


Cet-watere. 


Coacrete 
backing. 


Mortar,bow | 68. Mortars.—The cement and sand will be mixed dry ix 


j 


/ 


fi 


@5, The stones in cut-waters shall have the beds and vertical j 
dressed back the full length of the stone to a joint of j-inch. 1 
have an area of bed of not leas than 6 square feet. er 

Countersunk cramps will be fitted into each course and f 
bolts through 1) courses of masonry and the holes filled with | 
grout, The basking of eoteatis ne ee 
stone and dressed to j-inch joints. il 


06. Racking of Stone.—The beds of all backing must be picked 0 
j-inch joints and the stones shall be not less than 3 the thickness: 
course, nor less than § inches in depth. When the vertical faints a 
more than 2 inches they must be hammered off. The stones will be 
in full mortar beds and shall break joint and bond at least 1 
must be in contact with surrounding stones. The spaces, 
stones, which shall be not over 6 inches, will be filled with 
stone laid flat and fully flushed with mortar. The stone # 
area of bed of at least 3 square feet. No grout will be used 3 
by the Engineer. jad : 

im* LP 4 


1. Backing of Conarete—The, conerete abel. he.4 si 
of 9 inches, and rammed, care being taken to pack thoroughly. 
stones. At cosh comnts shall. be ORE On Sannene 
up full and the whole flushed with mortar. | “tT iT 


: 
AB 


sufficient clean water added, in such a manner as not to ou 
cement, to make a stiff paste which shall be well worked or mixe 
used at once. No mortar which has not been used shall be r 


69. Mortar proportions shall be in parts : _ 


Plastering moulds. 21575560840. 2 8545 WE ee 
ae eT at a i 
and pointing. . sieve Gulew Hem (tier onal 


of. brew 

Se. ‘Ths Aimeenaions of mitts ahall mene’ at the ec 
portioned to the width of superstructure and dimensions of bed 
The batter shall usually be j-inch to 1 foot. The batter of e 
depend upon the local conditions of ice, &e., &e. 


4 Pagie “" 

STEEL SUPERSTRUCTURES. a ee 

71. Complete tres sheets and general plane of structure , 
submitted with the tenders, oe, 
Tho tase, chedh wilt sith Adios tpn aaa 
which sill ho-deewt 6, dladtaihia? the’ toumanaiaaaals 


general dimensions and data upon whica calculations are 1 
pertinent information will be legibly denoted. 


J stresses from live and dead leads, impact increment, the length 
’ ee anne Ae 
clearly the make up of the member, unit stresses, fromation of 
= of sections, areas required and net areas, The beading moments, 
moments of resistance and net areas of floor beams and stringers 
be stated. 
_ Tnelusive of the above information the stress sheets of ewing bridges 
ted the stresses produced by the five cases ; the combina- 
on of stresses, stresses upon which actions are proportioned, reactions, 
upon members of turntables. 


 fobepy by the engineer in addition to the stress sheet there Gesers! 
a general drawing, preferable dimensions 23 inches by “***** 

i _ showing clevations, plans, cross sections, and the shapes of 

. member figured upon member. Drawing of sewing bridges will 

of turntable and sketch design of all operating machinery. 


3. The plus + sign must, in every caso, be used for compression and sigss fer 
ou ‘In bridges, erected by the Department of Railways and Canals, D<tatt and 
ye stress sheets have been approved and before the construction of Srawiags 
art of the structure shall be proceeded with, complete working draw- 
‘ p shall be furnished in duplicate, showing all detaile of construction 
shall conform to the general design, shapes and dimensions shown 

| stress sheets, and general plans and to all the conditions of this 
cificat These drawings shall be approved by the Engineer before 
@ work of construction is proceeded with. 


Te A&: Tho dead weights used for calculating stresses must not be less Deos 
actual weight of structure when completed. weoeghts. 


naan al ot 
at the Contractor's risk. 


OTT. All parts of the structure, oxcept ties, guard timbers, joists and Material tm 
-. plank, shall be s medium acid, or basic, open-hearth steel, except ““**"""™ 
= 


aa 


and bolts which will be soft acid or basic open-hearth steel, and 
plates medium, or soft, open-hearth steel. 


= * Steel or cast-iron will be used in swing bridges, bed plates, and other 
ic Cast steel being preferred for all important castings. 
. 
an a" HIGHWAY BRIDGES. 
7S. All through bridges shall have a clear headroom of at least 14 Headroom. 


feet and a clear width to be specified by the Engtneer. 


a. 98. First.—The joists, when of wood, will be creosoted, when speci- Preers; 
ed before tenders are made out, they will be laid longitudinally, with 2"t 


wy 


not over 2 feet centres. They shall not be less than 3 inches wide, 1 
inches deep, and will vary in dimensions seeording to the longtlt of pe 
and loading specified. 
The joists shall have full bearings on the floor beams 
joist of next panel ; wine, dncoted Wp, Maginaie ibe il 
alr epece, and they will be fastesied to Gach Other by §-tadk b , wt c 
cores ey ol cn ts told i Ser ney re 
made for expansion and contraction. a 
Fioce plank for woodiéa jolts ol wh Sher’ all MANN 
loss than 3 inches thick, and from 8 to 10 inches wide, and laid w 
inch openings, and with the heart side down. Te 


wink ic 
steel on steel stringers, spaced not more than 3 fect 6 inches o 
the wagon ways. of cibvolag: 


oh: Thee will bs eupeited otdhdgiag' diiaia aaa ot rail 


railway crossings of highway bridges os 
and ties. Tho des, upon these stringers will ANd naEUn . 


feet in length; they shall be spaced 10 inches apart and 
jlidhk mot Yeoh than 9 inchiss'thiek!”  °) sivad 

sine iy ono pe ft 
stringers by @-inch bolts. ey 


and laid with j-inch openings. They will be sized to a uniform t 
if a wearing surface is specified. away ene "ud 
The wearing or top Soot Whe eeedltahall iu 6s Wills Ue 
aptact, 0b dizected, not: loss hint laden alias sale 
wide. They will be dressed on the bottom side to an even 
erpipiyay rccdg emit a. sli 
dressed on top to thickness. Note clause 86. 


Opthos ond wa. Ths winder dering ue 
nate. wash sedan 1 fonlon be, Fatal bela ee 
plank Yie-inch «maller than the spikes. iw Hotilw otlden 

The top flooring shall be fastened by sixty penny nails of best qu 

The sidewalk plank will be fastened with 30 penny nails. — “- 


wheel 84. Wheel guard timbers, which shall extend over piers and 1 

guards. ments, not less than 4 inches by 6 inches, in dimensions, with a ( 
lap-joint over riser-blocks, shall be bolted.to the floor on 
wagon-way, with a clearance of at least 8 between inner € 
guard timbers, and inner lines of truss or sidewalk, = i 7 


sine 06, ‘The riser blot ball Wo 1004 tar Samia aaa gi 

blocks, and shall be spiked to the floor by 44-inch spikes, They shall be a5 
not more than 7-feet centres. The guard rail will be bolted to the 
through each block. 


Tis 


86, The inner edge of guard rails or of sidewalks within trusses will, 
jon specified, be protected by an angle iron 3 inches by 3 inches by Me 
: by iron screws or countersunk «pikes 


|. When the floor is to be paved the buckled plates will be at beast Desttes 
: and there shall be at least 4 inches of concrete above the "” 
point of plate. 
In decked bridges, and footwalks outside trusses, an irom of steel Batting: 
design not lees than 4 feet high, shall be placed on the 
e of sidewalks. 
aili shall rest directly on the floor-beams and be securely 

y, with adequate outside stays riveted thereto, if directed 


bridges the openings in the trusses must be filled with 
iron, railing of suitable design. 

flange of railings shall be proportioned to withstand a trane- 
al thrust of not less than 45 pounds per lineal foot. 

lit s shall extend over picrs and abutments, and terminate in an 
ental post, or as directed by the Engineer. 

itis bad angles of railings shall be straight and cut of wind. The 
ll be planed and make close contact without any projection of 
‘above another. The filling between the rails of lattice bears 
all be in a vertical plane, and not more than 9 inches between 
Buckled lattice will be rejected. 

bi p works, when unable to construct a satisfactory railing, will 
d to have it constructed by shops familiar with this character 


®. No material in highway bridges, erected by the Department of sintmem 
and Canals, shall be leas in thickness than “e-inch. Channels **t°"* 
inches will not be used, except in laterals, Angles less than 
C < Heinch section will not be used. 

hdd chee heetbehrtor heen ety 

thick and the bottom flange }-inch thick. 


se 
90. Chords shall be of box section. T chords will not be permitted x» r 
e Depa: t of Railways and Canals. chords. 


the material and character of the work, erected by the Depart wasertat 
eee See Ss Some = eed fr ew St 
m a8 subsequently stipulated. agence 


Ta iiais ibd chal be of two deenen, or cnsh other lead sa'wty Live tendo. 
| led hy the Engineer. 
L—A load on cach square foot of floor and sidewalk of 100 
for all spans up to 100 feet and 60 pounds for spans 250 feet and 
wer, and reduced uniformly for spans between 100 feet and 250 feet. 


. Che 


A concentrated load of 40,000 pounds equally 
0 font agent, ov SAUD peuREN cn Men Eee aE 
fied by the Engincer. 


Clase I.—A load, on each square foot of floor and « 
pounds for spans up to 100 feet, of 50 pounds for spans of 250 fee 
reduced uniformly for «spans betwen 100 and 960 feet, 


A concentrated load-of 16,000 pounds, equally dist 
poise of whaple, © faut, Neneh <® Saa Gere i 
a. ida 


sgn ha Wo pons a ad 
per lineal foot. = 


Dead loads. i in tod Jad ad bo Se 
and the weight of floor or paving. The weight of t aber 
mated at 4 pounds per foot B.M. aie eapr ine eee 


tal? (a2 


Road roller. %. The floor aystem of highway bridges will be 1 son 
steam road roller, the loads being distributed as itn 
The stresses produced by the roller will be decreased 50 pe 
portioning such members as may be affected. = 


Th ss ar the ro ler wil sumed ob 
divided between the joists it covers. The wheel c 
Glasses T sad I will be divide! qapelte, kabemen San 


Caleulation 96. Tn proportioning the various siembers of the #8 
a tions of the above live loads, together with the dead los 
: doit tact ; 
94. Wind brecing cbsil be eobortiamed Se situs A Jai 
300-pounds, considered as a moving load, for each fc | 
top lateral bracing of deck bridges and the bottom lateral be 
through bridges, — Pe. ae 
The bottom laterel dnasing tavdeck beidgel will “tor 
ing in through bridges shall be proportioned to resist a 
anak mans ies 


med Cesta c's teeth nen ee 

designed according to the exposed surface area. C 0. 

ue ae 97. Pe let ig 
be deterasned ey tnrening thn tenn, ai ; 


25 per cent. 
ei) + eq wie Cats 


98. Highway bridges, which carry electric o 
avec Jani destneny- ana ae 


oo oe 


a, 
7 


i 


: 


ar Poehcren et 
* tnt a 


_ BLECTRIC RAILWAY BRIDGES, 


MD a aisucc carta ek a as Clearsace. 
(pga oprherat ahem far 


in eurved track the clearance shall be correependingly gtester 
od with « car 45 feet in length, § feet in width and 90 feet 
mM centres of tracks. The edge of the running board shall 
it least 9 inches clearance of any part of truss and at least 6 inches 
-_T bridges shall have a clear head room, above the top 
at least 15 feet, for width of 6 feet over the railway track, 


in oor system will be constructed of timber similar in char Pie ere 
in the manner hereinafter provided for steam railways 


& a0 ties shall be at least 5 inches by 7 inches and not leas Cress thes 
feet in length and spaced not over 6 inches in the clear. 
re 


. The shall be boxed not less than j-inch upon steel stringers 
th tie shall be secured thereto by t-inch hook bolta. 


T Testing upon plate girders, or trusses, with cover-plates 

» Bro for the rivets and boxed to the depth of the plate. Ties 

n wooden stringers every third tie shall be securely spiked or 

the end of the ties there shall extend on each side a timber Geart 
m 6 inches by 6 inches, notched 1 inch over the ties and bolted 

hi | tie by a 2-inch bolt. 


° there will be inside steel guard rails which will ex- Ses! ssaré 

th distance beyond the abutments as the Engineer may direet and a ‘i 
int in the centre of the track, the point being protected by a re 
» The rails will be § inches in the clear of the inside of track | yas 


o> 


- «ro 


STRUCTURAL Loaps. 

For calculation of wind stress, the exposed rarface of the waa 
‘Structure shall be that of the unloaded structure and an exposed *reeee® 
@ of 10 feet in height and 40 feet long. the pressure on which wil 

S. e i.e moving load. Lateral force, exposed surface area, clause 


ha 


I, Citctagal force willbe anrumed t 10 pound per running foot. cotrto 
oe aan eect em Os tenet 


\ longitudinal force, due to traction and the application of the Leagneat- 
ices equal to 15,000 pounds applied at the top of “™ *°T™* 


- Si derdinesy thai ie prapietionnd fe’ th tahaaqeiatly tpedb- tents 
ad and live loads 


Dead loade 


Live loads, 


Guard rails. 


4q ? 
: a 
16 a 


110, The dead lond shall be the weight of the entire st vel 
ing the floor aystoem, rails and guard rails. The weight of ti prises 
assumed at 4 pounds per foot, board measure, The weight of r ae 
guard rails, epikes and bolts, shall be estimated at not lone i 
pounds per lineal foot of each track, and the total weight of 1 pei 
the stringers shall not be tahon at less than: 900 pound par rx — 
of each track. Se ee 
load will be proportioned accordingly. 


111, on elt oan : 
‘B,. or as specified by the Engineer. When carrying heavy frei 
loading will generally be—Class Special Light. Diagram B, pag 


an of ba u 


112. The unit stresses for electric railway bridges chell Was 
by increasing the stresses, hereinafter specified for —a 
tures, 124 per cent. = - z a 


‘tel 


RAILWAY BRIDGES. 


113. Cross ties and guard timbers shall be southern 
white or red pine or Douglas fir of British Columbia. — 


The ti, for deck tro spans without stinger, shall be a 
inches by 12 inches, or of such a depth that the weight of a ps 
motive driving wheels, distelbated over Gites tite, WED Gaeae 
stress greater than specified hereafter for the kind of ti . 
of ; te wll epost apart, ad shal be 14 fn 


The ties, for through truss girders, shall be not less than 8 inches bs 
8 inches, when there are four lines of stringers ; when there are two 
they shall be not less than 8 inches by 10 inches ; in both — 
eat cael ee Eel trieeee 
loads specified ; they shall to paced See 
length shall be 14 feet, and at least every fourth tie shall ¢: 
of the bridge to carry a plank side walk on each side. . 


oT ae er 
elevation will be framed in the ties as no shims will be a 


Ties shall be boxed, to» cleft, not les than inch nor m 
1} inches on to the stringers, and every fourth tie shall be se 
by Brinch hook bots fattened at their lower nds which will 
the guard rails when practicable. 


114. There shill he:dout Mineo of availa the ‘ou — 
timber will be placed 5 feet 5 inches clear from the ann track 
roa en wey ks di = he 
on to the ties and secured to every fourth tie by t-inch bolts w ) 
‘the inner lines,’ when of timber, will be placed 3 feet 3 ir 
the centre of track ; they wil be 8 inchon wide by inches d 
1 inch on to the ties. 


2 ~ “ 
, <i 
i 
i 
att —- 7 r 
he . 
4 . af 
a: 
hep) 4, . 
2 Ss + a 


= projection between the notches of both lines will be secured by 
ue # driven previous to the notches being cut. 

he inner guard rails will be secured to every fourth te by finch 
- to all intermediate tics by spikes Ue-inch square by § inches 


; they will curve into the outer guard rails, in rear of abutments, 
we secured to them by f-inch bolts. 


Th Upper angle next the rails will be protected with angle iron, 3 
; by t-inch, fastened to the timber with counter-eunk 

diameter, or by f-inch woodserews 4 inches long, and 

@ inches at ends and 18 inches at intermediates The holes in 

ina must be slotted to allow for contraction and expansion ; the 

th } bolts shall not be higher than the angle irons, 

| guard rails will be spliced over the ties with « half-and-half joint 

lap. Each splice shall have a f-inch bolt at centre ; holes 
| d-inch larger to allow for expansion. 

pted and specified, steel rails or heavy angle irons will be sub- 

‘for the inner lines of guard rails. 

, d timbers shall extend over all piers, and 15 feet over abut- 


ifs 


peretersble limiting lengths for different types of railway 


Stig 


| 


ieilics 30 dest. . Rolled beams. 

between 18 feet and 100 feet. . . -Riveted plate girders. 

iieecen S60 Set and S00 fect. -Riveted triangular trusses. 
section of riveted trusses. 


. From centre to centre of through trusses the width shall be not 
n one-twentieth of the effective span. 

to centre of decked pin-connected, or riveted trusses, the 
be not less than 10 feet nor one-fifteenth of span. 


ton appended diagram ‘A,’ (page 51). 

red track the clear width must be increased to provide the 
clearance between cars and trusses for a car 80 feet long 
between the centres of trucks, allowance having been made 
and superelevation of rails. 


tracks will be generally placed 13 feet centre to contre. 


Th @ headway clearance must in all cases comply with the statute, 
VIL, Ch. 58, section 202, which requires that every bridge or 
through which a railway passes, shall have an open, or clear, 
vay of at least 7 fect between the top of the highest freight car, used 
railway, and the bottom of the lower beams, members, or portions, 
of such bridge, or structure, over the railway. 


ie 


H 


clear open section shall be, on a straight track, not less than Clearance. 


Dead 


joade. 


18 Se 
STRUCTURAL LOADS, aie 
In proportioning the members of structures they shall v 


vicam AHI” tioned for the following dead and live loads, . 


Live 


loads. 


a 


vu bs ‘we # , 
118. The dead load shall be the weight of the entire structure, i 
ing the floor aystem, rails, &c., and guard timbers, a 


The weight of: the slots qunedldiushecsydnla; Aanunaaia oT 
Gi) pounds per lineal foot for 8 inches by 10 inches ties and 14 
longth. ros lenges Can ie Sot se 
at 4 pounds per foot, board measure. ae 


Two-thirds of the dead load shall be assumed to be ot 
the joints of the lower chord in through bridges and the | 
decked bridges, and one-third of the dead load at the jo 
chord of through and the lower chord of decked bridges. | 


119. A live load, on each track, as may be designated fro 
pended diagram ‘B’ (page 52), consisting of two ¢ i 
tives coupled, connected with and followed by a train of 
per lineal foot, but in no case shall the live load be less than 
classes, nor less than the two heaviest consolidated locomotives ru 
upon the railroad. yee +t 

TE, tn coca, a Hive loall of 200/600 poco Soe Gast? 
120,000 pounds above Class II, on two axles spaced 7 fe « 
prodiies greater, stains thant Sheen, Ove, 8/0 Sad ~ 
load shall be provided for. on 


Diagahi® talialna skits cade w 
tiewiy! the aitniaeati five Doel ous ee 
proportional. (Table I.) Hsin. doen Senate 
floor system. rr 


The fore of wind shall considered «movin 7 
impact increment. - pol OL at) ioe oe 


120. The bottom lateral bracing, in decked brid d 
bracing in through bridges, shall be proportioned to resist 
Goictinied lotrel Serve ofS seer aeee 7 
spans 200 feet and under. ov ty 


The bottom lateral bracing, tn through bridge 
bracing in decked bridges of 200 feet span and 1 
tioned to resist a force of 600 pounds per lineal foot, a] 
8 feet above the base of rail. 


Bridges of more than 200 fot span shall haye 
designed for the exposed surface area, 2s 


First,—the full live load on structure ; ‘Gin'wiaa 


assumed at 80 pounds por dynere foot ttr'ths ‘eslebed’ll 
all tresece und o® the ots chon ty Guu ae 


i; 


- 
eel 


nN et et 
ere fae 9 hed 


wind pressure will be assumed at 40 pounds per equare 
Pampieed ame of curfoce with no live lead on structure. 


fouing lateral bracing, take the result of the two condl- 
sh will give the greatest area of section, but in cither case not 
sere oe mnaen sender 900 Sent. 


Cc trifugs i Seas Sor clractuves upon 0 curva, tall be aisummell © costseast 
| aber the base of rail, and be taken at 0 08 of the live lead for **"™ 
gree of curvature up to five degrees ; this co-filcient (0-02) will 
ee eee + Serenaes ehieve Give Sages 


re 


| Longitud fore, to be applied on the rail, shall be taken at Longitets 
. ff the maim moving load othe structure 


in length from a change of temperature of 180° Fabr. Lane 
for. a, ie 


AI! parts of the structure shall be proportioned to sustain the Mesimes 
produced by the live and dead loads specified and of 
d centrifugal force. : 


Fe calculating stresses, the length of spans will be the distance Dimensions 


a th » centres of bearing plates of other girders. — 
length of stringers will be the distance between centres of floor 
tthe length of floor beams the distance betwen centres of 


“The depth, for calculation of girders, will be the distance between 
go of gravity of fange section, provided it does not exceed the dix 
ou set Stich cane ho Inter will be capsitere? S 
he ie 
. } centre to centre distance of pins. In rivetted spans the length 
e taken between connection plates, except in trestle posts, when the 
Mb from cap or base plate to the centre of intermediate struts 
he bending in rivets and pins will be estimated at the distance 
centres of bearing 
force stresses shall be calculated as « part of the conritugat 


_ 


* 


F. Longitudinal force stresses shall be taken separately (without Lengitntt- 
et) at the specified unit stresses, or in conjunction with the dead sreesce 


z 


- ge d 


= 


load, live load, sd imgtt ot dead ln, tive Tod, ime 
the specified unit stresses plus 25 per cent. , : 


128. En the caletigtion of otuseiey Hoan’ StSEEE 
load shall cover the panel in advance of the point cc 
half. panel lond gulag te ithe Senuiall nenel ill anal 


129. The net section of any tension flange, oF member, 
termined by a plane cutting the member square across at a 
greatest number of rivet holes which can be cut by the 7 
closer than 2 inches of the plane, are to be deducted from tt 
of section, 


0 When nr ia a in of ing nd 
shear of any panel, considered in compression, they shall be prop 
for tension solely. 


131, Tho streases from the assumed wind forocs, oF in a 
with any centrifugal or temperature stress, need not be ex 
the wind etrensts.saley spaphel Aisa Samana 
stresses due to the live and dead load pon the same meni 
will then be increased until the total stress per square ae 
by more than one genater Se Pitre ett tte 


132, When the wind streas as above, or in combination with’ pose 
ble temperature stress, can neutralize or reverse the nsio — any part — 
of the lower chord, it shall be stiffened. — 

Stiffened chords will be proportioned to take ¢ 
tram the specified ‘whinl, leedi anil. tapslies saa eorrtey 


133. In excess of wind stress, lateral and 
proportioned to resist the resultant of an initial stress 0! 
per square inch upon all rods connected to them. 


134, To obtain the anchorage required for « loaded ‘ts 
train will be assumed at 800 pounds per lineal foot. = 


135. Collision struts, placed in the best position to tale : ; 
a derailed train striking 4 feet 6 inches above the base of r > ill be 
proportioned to take a thrast'of 60,000 pounds Soting iat” = ection — 
136. A member subject to bending and tcsreces a +s » 10 


of the plane of truss. 

ties rest upon the chords of bridges, in addition to the dit 
to its position it shall be considered as a beam of one pai 
ported at the ends. The member will be proportioned to sustal 
Nenia pu. of Che, posapen nealing Sosa = 
fourths of the stresses resulting from the maximum bendi 

Impact will be added to both loadings. The bending mort 
penel volts wil to ccuctdeanll Sqsal to Gao 

direction. 


_ 


5 
ot ra ion 
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197. To counteract the effect of impact and vibrations, the stresses, Impact. 
duc Rei ie sgestied deed end live lealiy shall be Siemened ty Ho 
: fora 

. In cach member, stressed in one direction, cither tension oF sireses te 
peasiv the stresses, resultant from the dead and live load, shall be $4... 
= F the quotient of, the square of the live load stress divided by 
pat wand live load stresses. 

Slash memmbor ctveteed tn om eppesite disesticn, or clteriidie Strccses ts 
id etrenaes of tension am compression, the impsc! will be com- fe". 
preceding clause (135) convidering thy dead and live load 
 ednghnparn diaper phate gente 

ad load stress and double the live load stress in the opposite 
» impact will be considered cither as tension or compression and 
@ added to the algebriac sum of the dead load stress and the live 

shen n or the dead load stress and the live load compression, Mem- 
rill be designed for both stresses. 


Ts pene under 80 foe the ive load shal be mile by the Impact. 
-g99 ) in which L—lensth of loaded distanen in feot which 1 feet 
» maximum stress. 


tt I 
om eS ene Somers over a dictate at Joy Gun 


Se 


1. Si csetbedd which tase dead and ivi Hallet on expecta Counters. 
oe dace 


e ON MEUM sTExt. 

ct ae acne cab rate Gee 
f length by the radius of gyration than thirty-five are to be reduced 70s" f° 
ng formule where =the length of the compression mem- 
es and r the least radius of gyration in inches. 


; ee ceacn. 
| a De iciids visas 41+ _—_ 
Th Ore tat and on pin end — 
ei Perminible strees +1 + (5.5, 
_ TIL Pin at both ends — 


| ee ic, =, 
a ‘Formula III. Shall be used for all trestle posts 


ae 


if 
; ‘ 22 


Laeuppert- 143. No compression member shall have a length e: 
seater te times ite least width, nor an unsupported length in any 
ing 100 times ite least radius of gyration, about an axis r 
thet direstion, excepting wind bracig land laters] otruhsy aeaiaas 
an unsupported length of 120 times the least radius of g) 


Permissible 14d, Ths ssistaonl/sticcen tu applet et creel pall 
sirenee® — ceed the following amounts in pounds per square inch, es 
tensile stress for eye-bars, which will be 17,000 pounds per # 

\) + yabeiat 

Punnmeenca, ture Granen.ou Manns Seumy Senne 

ee 


SHEARING. a 
15, On snp deve rivets in reamed a ile hole. D0 
On pins... + #4 4 ee ‘se as ce ane - 12,500 


On webs of girders, gros ares. weee me oe wg 


ail ape 
cg 3 
146, Bending on outer fibres of pins... .. + ++ «254 
4M a a 
Bending, GA quirems: Givte df Selle, cae ile Y 
sections and girders ; net sections... .. .. ..1 


hi ag iv 


&? 


147. On diameter of shop driven rivets in reamed o a" 
drilled holes 


oe 06 84, 0.0) OD (6-0 8,0 We) bere ae 


an 


Pins... on 00 we ce ee oe te oe te be we oe wee 
Field rivets 148. Field rivets shall be increased 25 per cent above th 
determined by the above stresses if driven by hand. and 10 p 
driven by power. Turned bolts will be taken! st the walt “" 


Roller a Nina te a 
Per lineal inch of rollers or rockers, steel.... 1 
D? represents the diameter of the roller in inches, a 
Bearing of 150. Steel and bronse disc of pivots of owing | bs a 
Bearing of 151. Bed-plates, &e., upon first-class masonry; a 


bed plates. cement concrete, not less than one month old : 


GamPeteme.. 6sg- 2500 dyuenen e.:. Bebbasee ses ; ‘300 per squ 
Comeweten. . 26st ccsccdccevcess cube badbeouas ~ «pwn tua 

ee ee ee - 
Granite eeee ce8e Sane cess eeeee be se see mo ae, 
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POCO ee OR eRe eee fee 


EGGERS 
Biriil i 


717) ae ha 
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and struts, with flat ends, over 15 diameters. Timber 
felength of pellar in inches  deameter in inches 
White Oak. White Pise aad Spruce. 
low ~» 7 
rapa 1 as . 


. The permissible stresses for timber are static when combined Impact to 


load use impact formula and increase the above stresses by timber F 
ee 
es f STRESSES FOR ELECTHIC RAILWAY AXD iGHWAY BRIDGES . Sy i 
5. Twelve and one and one-half per cent in exorss of the pree~ling 
pty per cent in excess of the preceding unit stresses and 
for highway bridges. 
CO-EFTICIENT OF FRICTION. 
Ts tndn| or stecl on tenet. ss oh ws ibis 
Wrought iron or steel on cast-iron... . dates +B 
eh tafhaae berm jate 3. ae 
ew Reed ae REL 2 | 


PROP RE OF 


i 


i 


a4 
PLATE GIRDERS. 


157. Decked plate girders, when directed, will have the top ar 
made up of four angles and side plates ; they shall have brace frames 
the ends, and intermediate frames, spaced not more than 15 feet 
consisting of plates, and at lecst four angles, top, bottogy ana 
gonal angles. a 


168, The ond brece Hinines shell Us propentionstiy aa 
stroases that accumulate at the ends. 1 


189, The onda of docked plate girders of skew bridges sh 
to the track at the abutments. 


ie Lancet’ alii 00 vicleed aa 
make an ane las than 30 degrees with the girders, excepting em 
of skews spans. 


wal 


Pgeiaoere 


“ m 


ee i 
a ie 


161. Rivet pacing tithe Yop seus’ of elaine . = 

net oie oe i 

162, Width of decked plate girders shall not be less t fo a 
centre to centre of girders. ‘ y 


= 


$60. To through plate girder doena: ies ack aieee : 
floor beams, spaced not exceeding 15 feet apart, and stri 


164. The sway bracing shall be a triangular gusset 
frente tap. fiengn.<f a ginket saseee Glee ansver 
and at the ends. te heel , 


For through plate girders with solid floors the distance , 
braces or gusset plates shall not exceed 12 feet. ; 
nee OR 


165. Tn spans where tho bate of ral is sufcently near the to 
so that the clearance will allow the girder to be spaced ne 
Se Se ee, eee ; 
shelf angles riveted to the web. — 


Shit angle dll ‘sot ko Lew ei SEMANA A 
riveted to webs hy S-Such dinustter sivets sieies Sot cea 
centre to centre. 


There shall be distributing angles 3 inches by 4 inch 
bette See Angee eS ee ee 
3 feet apart. ‘ 


260, ‘Tike top Saiges of the pivdees shell Maeneiie bys 
plates extending the full depth of girder and connected by ¢ O88 
of solid web and angles as deep as possible, and in any case . 
less than 15 inches deep and spaced not over 12 fect apart. 


7 2. a. . 


<a? gi *s 


ec Clearance of through plate girders, diagram ‘A,’ page 51. Cwweresce 
168. The depth of plate girders will be preferably Me to Ms of span Dep. 


on a 


Pl | girders shall be built with as few splices in web os the longest Loe plates 
will permit. 


ifty times the thickness of the web vertical stiffeners of 
on each side of web. 


angles 
h, The stiffeners, in girders over 4 feet in depth, are to be placed Spastes 
ES Pe? nies wot eemaing tin death of SB ab” 


of 


ders under 4 feet in depth they may be 4 feet apart. 
ur y spaced the distance betwen them will gradually decrease 
rs will be placed at all points of concentrated loading. 


- Over the end bearings, at each end of bed plates, there shall be steer 
F of stiffeners upon fillers, the projecting legs of which shall be as {isfing” 
flange angles wil! permit. These stiffeners, including fillers, 
yport d to resist the maximum shear as a column considered 
alf the depth of the girder in length. The rivet connection of the 
hall be proportioned at unit stresses to transfer the total shear to 


oa : 


eo 


a tte at Os es ante Stes re 
as wide as stiffeners. 

ie sis late stiffeners may be on filers or crimped over the teter- 
ne a except in floor beams or stringers connected to them there raiels 
be fillers. 

4. I late stiffeners shall be of the following dimensions + pusessise 


webs 3 feet and under........ 3° x 9) = 9” angles. aes - 


ss er a odd ony 
ae. uit a, Six Hx i” 
Oitrahes | scrdd oh Techn oes  F 2G a fF 
7 feet... feds Ca O' 287 


§. Ends of stiffeners shall be made to come to as close « Gt under Close at. 
s possible without buckling flanges. 


© The rivet pitch of stiffeners shall not exomd & inches Rivet pitch. 


dan | oe 

Splice and ATT, The width of eplice pitts all bo onions MAIS SRG - 
sank. quisite number of rivets and to receive the stiffeners. They will de 
the full «trength of the next section of the web. The mae Guay 

not leas than f-inch thick will extend from flange to flange and 

at least two rows of rivets on each side of the joints, In ad 

splice plates will cover the vertical legs of the flange angles, — 


178. Cinders having ang plates wil have the plat, next toa 
cn top flange, extend from end to end. ; Die: 


110 ee ee ee eee 
cross section as the tension flange, and the width of the flange sha 
be leas than one-twelfth of the distance between its side 


It is preferable that, as far as practicable, over half the 
will be of angles. Heavy sections of angles will be used 
cover plates as possible. 


Flange sso, Fidigs sldkd alat'G willl haul ee ‘i 
plate. two rows of rivets, of the regular pitch, being placed at | 
plate beyond the theoretical point required. tuna 


11, Flange ang most be voiced with angle comers 
whenever cut within the length of girder. 


Flange 

Cover Sikes tus su: snouni eaves, plisesrai sal Asa e 

om eas th’ckness or decrease in thickness outwards, when they pre 
% inches beyond the edge of flange angles, an extra line of rivets 
be driven along each edge, 9 inches pitch for the outer row. — 


Joints tn ise. Ai Sointe in Samges, whether’ in tention es anual 


de fully spliced and covered by an amount of extra material equs 
tion to the pieces spliced, and with sufficient rivets on either side to 
mit the stresses from the parts cut. em ei 


ef ee ee 
no open joints. rae. - o 


lA Web plates in railway beidgue shall wokbe lees Shalt 
and must be arranged so as not to project beyond the face of fi 
on the top to be more than Me-inch below the face of angles a 


~¢ ae 


185. No rivet hole shall be pitched nearer than 13 i 
finished or machine edge of web. 


The minimum pitch of rivets shall be thre times their 
centre to centre. 


When calculating the shearing and bearing stresses o 
necting the web to the flanges, the total shear acting on t 
any section at any point is to be considered as transferred to the 
angles in a distance equal to the depth of girder at that point 


i 
} 


: 


ii 


oe 


Ee Pe 


dition any load applied dircetly om the @ange, the wheel loads, when 
“ pemien Geo Aenany hall bo cummodice bo detstiated ever tase 


. The compression flanges of girders shall be stayed at intervals Says. 


BE inter, stall tm popertiond wo that the beading or shed Dove 
by the upper and lower danges, and that shearing or giréers. 
are resisted by the web plate. 


STIEAEA, ok the pen, ofl woh, nlata ince be cothanted on.Qel to be 
: web splices the full area of section will be required, either by {S'tiner 
ing the flange plates, or by extra splice plates. 


UEC slots cinders wil bo Salibud 00 toa'Giba They will a4 Sates. 
late of the width of cover plate riveted to the end stiffeners and 
pe ‘cover at the top riveted to top and end plates, or they will have 
per corners rounded off, as may be directed and specified by the 


= 
a 


of temperature, and co arranged 0s to prevent kteral Ge 


holes will be provided for the anchor bolts at one end of 


| Ginders must be provided with planed sliding bearings, allowing Sitios sod 


80 feet and over in span must be provided with rollers at 
shall not be lew than 5 inches im diameter. 


1. Bed plates shall be of adequate thickness, not less than j-inch Bet piste 
lo insure uniform pressure over the masonry, which shall not ex- 
d that specified. They shall project at least 1 inch beyond the sound 


@ bed plates and bearings under xml and roller ends must be 
d bolt to the masonry with bolts not less than 1j-inch diameter. 


7 Ts ales Snsthieg en eiklt' ingles tm low theotigh ‘ilate’ghsdeee, Cross tien 
| be at least § inches by 15 inches deep, spaced 12 inches centre to 

ntre, o such « depth, that the weight of the heomotive driving 
distributed over three ties, will not exceed the fibre stress 


. STRINGERS AND FLOOR BEAMS. 


"103. Stringers will be placed, in general, § feet between centres. Distance 
fide th are four lines of stringers the outside lines will be propor- Stine 
tioned to sustain one-half the load on the interior main stringers. In 

puble track bridges the stringers will be 6) feet apart. 


The track stringers of skew bridges at the abutments shall be square 


Red angles 
aod rivets, 


Holes 
reamed to 
template. 


Lateral 


Rivet pitch. 


End floor 
beams. 


Web plates 
and Sange 
angles. 


Stringers on 


194. The end angles of stringers shall not be less than d-inch 
thick ; the connecting rivets to the web shall be proportioned #0 
resist the bending introduced by their distance from the centre line’ of 
floor beam in addition to the direct shearing stress. Shelf angles or other 
supports provided to support the stringer during erection shall not be com- 


sidered as carrying any of the reaction. 


195, All the holes for ficld rivets im stringers and floor beam ee 
nections will be punched Me-inch smaller than the finished diameter 


reamed to an iron template. 
i 


196, Stringers shall be braced laterally when their unsupported le 
exereds eighteen times the width of flange. The bracing will 
diagonal angles at the top flange and brace frames will be used in p 
of 30 feet or ever. | 


At the intersection of the lower truss lateral diagonals transverse 


angles will, preferably, be placed between the stringers. ree ponds 


age wile 

197. The rivet pitch through the web in top flanges of stringers will 
not exceed 4 inches. mre: 

"198. Floor beams in bridges with pin connected chord, shall be 


ben riveted to the posts above or below the pins of the bottom chord in through 


bridges, and in decked bridges preferably, below the top chord; they 
shall, preferably, be square to the trusses or girders. bbe 


Oe hasnt 


199. All spans will have, preferably, end floor beams to 


stringers. ip 
= 4 


200, Web plates of floor beams and stringers shall not be less than’ 


2-inch thick, and with the flange angles will run the full with 
splices. ae i 


201. Biringers, when resting on topo fice benann, will Sonn 0 


top cf ROOF the floor beam, and knee braces shall support both ends of each line 


Hangers for 
floor beams. 


stringers. On the masonry they will have cross struts and be stayed to 


the main shoes of the girders or trusses. —- 


902. If hangers are permitted they will be cither solid fi 


bors riveted to floor beams, or riveted plate hangers. Stirrup ce 
bent hangers will not be allowed. 


Eye-bar hangers will have sufficient excess of material across th 
all rivet holes in them will be bored and the edges of the holes 
for a filler under rivet head. All riveted hangers will have excess see 


tions at the pin holes, it > a 
I-BEAM SPANS. ee” a 


203. In I-beam spans the beams will preferably be double under each 
rail they will have planed sole plates riveted to the flanges, and bolted — 
through the bed plates to the masonry at one end, and free to slide longi- — 


dinally at the other ; they will have rigid cross struts and transverse 
rac t riveted to the webs. There will be stiffening angles at both ends 
ith close fit to flanges ; when in pairs they will have wrought metal 
Beams shall be proportioned to their moment ef inertia. 
OD porliroclad papaige ad Tredlr gr Xf ecan 
wee 

TRESTLES. 


| rand open spans of trestles will be made of such length Cessuree- 
MER el the sinters vil bx poctreiy similar and avoid objec towers 
details in connecting the spans to the columns. 


shall be constructed of two columme, not lees than § feet 
at t , braced transversely, top and bettom forming a bent, and 

: longitudinally will constitute the tower. There shall 
members, all of which shall be riveted. 


= foot of cach pont and intermediate joint of « tower shall be 
mdinally and transversely by struts at top and bottom, and 

) esp lge heemreany 

9. The towers shall be brace! longitudinally so that they shall resist Lange 
‘unit stresses, the tractive force of the engine or the momen- 

by suddenly stopping upon any part of trestle the maximum 


a 
os 


a 


2a se 


ities ctrcis ot the foot of towers shall be of sufficient Mortesatal 
s Riermprecsion to slide the movable chess when the track fo “TS 


I UlliSbactng Vani dbl bo sivened to oa tight colina seapuasen 
(end and free girders shall be provided with an expansion joint st **# 
They shall be secured against displacement sideways by sub- frames. 


Drees § frames shall be used at each end of cach pair of girders, and 
im be common 10 two adjacent spans 


7. practicable the trestle bent shall have a‘ batter,’ or spread matter. 
ea me See Vil sees io Sin shad Gt fs 

be wind and centrifugal foroe combined with the vertical forors, 

not practicable sufficiently large and long bolts and washers 

to anchor the legs to the masonry, provision being made 

and contraction. 


; 3 The bracing snd posts of towers shall be proportioned for © wiss wee- 
arce of 300 pounds per lineal foot of structure applied § feet above the '* 

we of rail ; also « force of 20 pounds per square foot of the area of 

loaded, and SO) pounds per square foot of the structure not 
ee eee nk ers a foree upon the bent: of 225 


Centre pin. 


pesnia.per foot of heltity Soeeeees aa oa or foot of 
height structure unloaded. “e = 4 ngte ver 


200. The length assumed for nme 
from cap or bed plates to the contre 0 ‘re 
pied r 


210, The turntable shall bo of « type subject to the & proval 
Engineer, and proportioned as specified for plate Pre 
lad ofthe trumee wil be tranamitted to the turntable ato ght o1 
points of loading. 


911. THe botiom flange shall have 


io ning and so aioe ine ne aera 
drum. 1) te «pid “0 Siete uth 


To drum sll bo peste sia planed to a t 
PRicrieienty geet bit cng 


Te Feats re ii 


212. The drum shall be stiffened by stiffener angles a 
concentrated loading. ol Laie rd od hada einerak ee iy ' 


213. The web plese duly ieetineaaeiadaaanenll 
ing the lower flange angles, shall have sufficient bearing t 
iced foun une whoek ts is-ieuh slatia/task aialaha aa P 
of its diameter. v7 ; i. 


in ates Bind 4 
$14, The wiper tretids Wit be sslal!l sedan aaa 
over to the exact dimensions, so as to fit closely drum, oiler 
joints of segment. They shall be ri irder | 
rivets, countersunk, with not more than Si itch, ie 

The lower tread segment face and end wll be and 
to pivot pier ty bolts nag:aie i 5ien See 


915. The rollers will be of cast-iron chilled, whan 1 
stecl, preferably steel. Lec een rata 
lewer treads sha‘l be turned aU pt ’ 
common vertex at the centre ye eur Or tee? Cal 


216. When a proportion of the load or 1 
upon a centre pin there will be three discs, | 


steel, the middle dise of phosphor bronze. _ vith at 
Jane fucr Hr 


217. The centre casting must possess excess of 8 
ssonted $0 manavary Sf See See 
will be let into the masonry.” 9 


S18. The beeckets enppersienetincal 
be built of sections of rolled steel, _ 


Pal sifee) 


SAP oe. it 
Gos 


i oe 
aaa tm res neg 
iy ‘waairt * x p.. 


i id 


. 
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! Oil holes and grooves will be provided for all bearings, which OM Sete 
wast be entirely free from dirt «hon erected and have bomes provided. 


00. The rack segments shal! be cast in short leneths, the ends plened Rae 


pd the bearing, of both rack and lower tread will be planed. 


i. eer enon Sa aen es Se 
} same plane. Gears shall be true to bevel, truly ciroular and bored 
les -to the plane of action to accurately Ot shafts. The teeth 
and gears will be machine-cut, when specified, to exact piteh, 
in all cases mesh accurately. Gear and rac teeth will be 
omed according to Table 7, page 61. The hubs of gears will be 


ax? 


's - 


t wheels will be of cast steel with machine-cut teeth when Sram se# 
with cast teeth shall be shrouded on top. 


will be of cold rolled steel with sufficient coupling 
keys; no shaft will be lees than 2} inches in diameter. 


. Eft end lifts of an improved desicn shall be provided. The ™* ™™ 
hall give the necessary’ reaction in the shortest possible time and 
ends of bridge being raised by a load on the opposite arm. 


BA There shall be strome latches at cach ed of epan which will ‘NS 
atically and be easily released. Latch catches will be provided 

Br testes Uhen coun. 

The power mechinery for turning the bridge shall be arranged Tene 
Urning it completely around in either direction. Two rack pinions 
machinery, with two speeds, is to be provided in all cases 
power is used. 


"326. Suitable rail lifts, in connection with the end lifts, and guide "i! HN 

rs shall be provided. 

GRRE The treed, wheels and drume shall be completely assembled in De 

shop before shipment, all holes perfectly reamed and the scctions sseembiet 

, 1. Every wheel must have o tree bearing om the tread; * © 

| tread shall be entirely machine-finished, and the under side 

s bearing on the masonry shall be planed. 

m designing the machinery it must be considered that all parts Mechieery 7. 
Shido for inepection, and removal. All mechinery mest be Summ 

ee re gchar mechnn chen puctien ond MMAAAD 

greatest car. 

$99. Provision will be made, by channels and weep holes underneath previsiss 

rer tread and rack, to drain the top of pier. ae 

in castings will be filled with fine concrete or other water- 


wn 


rms 


Conditions 
fer caleulat- 
ing etremece. 


Maximum 
atreasecs. 


live load. 


Lattice bars 
and rivets. 


230, In ascortaining the stresses in the trusses of owing bi 
following conditions will be considered >— 


Case I. Maximum stresses, dead load only acting, bridge 
open. uf otha 
Case II. Maximum stresses, dead lead only soting, Delian . 
ends raised, continuous girder over three supports. 
Case IIT. Maximum stresses from live load, bridge ¢ 
continvows over three supports, live load coming on at one end ax 
vancing panel by panel until bridge is covered. ie 
Case TV. Maximum stresses from the live load, bridge cc 
continuous, live load on one arm, only, sdvancing {rom conte pi 
abutment. 
Case V. Maximum stresses from live load one arm cc 
single span, live load advancing from either end. 


251, Maximum stresses shall be determined by combining Case I 
II with Case ITT and IV, or Case I with Case V, Mehmet a 
When considering Case I alone, the stresses from the d 


sasvensaats rll bo’ Enssounsd. tae Calidad camel So 
load. 


232. Top laterals—(1) bridge swinging, static wind p 
bridge closed, ends raised, static wind pressure only. 


Bottom Iaterale—conditions 1 and 9. (8) bridge closed, live 
one arm only ; £4) DSR Areee ee leet a ae De 


(4) with (2). 


233. The stresses in the trusses of, pwing hidden 2 i 
an equivalent uniform live load, for a span of the length of one ari 
upou the maximum moment. eh 
eont ed tiedaln 

TIE PLATES AND LATTICE BARS. 

234. The open sides of all compression members must be stay 
tio plates at the ends and at iiatermedints poluaerwinte the! se | 
terrupted with diagonal lattice work between. we 


The thicknes of tie plats call not be lem than te 7 
supported width, unless edges are reinforced by angles ; the 
each side of intermediate chord joints shall not be less than 
between the lines of rivets connecting them to the flanges; ‘it 


mediate points the length shall not be less than half that d : 
en ae 


$06., Gingle lesticg, bara shall have. Siestan atarunane ' 
of their unsupported length. The distance between ¢ tions « 


oth 


of section, 6 inches, 14 inches in width. 

- s u 7 

i » * 2 ” 

* 2 oe 2) 

- “OC 4 oy 

~ ce. ae « 

* "8 oe 4 oy 

oF 20 oe 4 7 

“ over 20 inches, 4-inch by 3-inch angles. 


iy slewte -ahsll sho mani: fen.°tatllehng fingea: Bene’ pena. tt 
sin width ; f-inch for flanges from 24 to 34 inches ; j-inch S*e"* 


‘bars when single riveted will make an angle of 60° with the Angie of 
_a fw and the same angle with each other, and when double 
— e of 45°. 


lattice. 
Tor lateral struts in railway bridges, or other members com- Lacing o 
ur angles, shall have intersecting lattice bars not less than outs 
which are to be riveted at intersection when the depth 

thers is 15 inches or over. Lacing between lateral struts shall be 

iy of ungies. 


REAMING, PLANING AND DRILLING. 


Th holes for field rivets shall be reamed or drilléd from the totes ter 
p iron template, or they shall be punched j-inch smaller than the *# Five* 
parts assembled at the shop, and the holes reamed to full 


«Wi ee ener en tenn Gk eonpestioney Sampeeniay teen: Sie 
d, they will be reamed through iron templates of adequate thick- >™*** 
#9 eeunections of floor beams and stringers 


n tension members all punched holes shall be reamed, after the Reaming 
re to « diameter not lew than “e-inch larger than “***** 
= , and not more than Yie-inch larger than that of the rivet, and 
pur bb holes must match so that no less than Ye-inch is removed from 
die side of all holes. 


in compression members all punched hole shall be reamed after teaming 
assembled to « diameter not less than j-inch larger than SU=et==s* 
and not more than Meinch larger than the diameter of 


a 


a 
s #: 


i © 
a 4 7. 72 


241. All holes must be clean cut free from torn ¢ 


Sharp ees al burs shall be cutoff with « countrsinking tol, m 
a fillet of about Me-inch under each rivet head. 


; ast eae 

242. The reamors must not be tapered nor . 
shaft. indie wells 
243. Davie reaming and driling th emembled parts shall 
clamped or bolted at frequent intervals. 


21d. Seecnddy part. woke Heat i an 
oti lateral Urecing amd. juueete; gubdaae denne . 
ee ee ‘ith 


the metal. 

— 245. In post-it Duin’ cell idaal cau 
bers, and the spliced joints in tension and compression 
shall be reamed after assembling. hoe! ©. ha 


Bolt holes. 246. When members are connected by bolts which t 
sv the eb mel ifm ai 


. m ads ' aha 

Drilled 247. Holes, in steel or greater thickness than #-inch | Rr he 
of rolled beams and channels used in the floors of bi 

Holes in the webs of the same shall be drilled or s 


2 
ine Lat aval 


Pung. 248, All sheared edges of shapes and plates which 
cous. tension by the live load shall have, at lest 2-inch of m 
planing or facing. The ends of riveted chords shall be | 
except projecting splice plates, ; vie 2 


eee 


aes OM 1 so A Ma 


: RIVETING. ys Pe 
Diameter of 210, Rivets will generally be {inch or (inch diameter be 
rivets. 
setting. be inién ive +i tang 
The diameter of the rivet in any angle carrying 
shall not exceed one-quarter the width of the leg in wh’ 
In minor parts j-inch rivets may be used in 3-inch « 
rivets in 2)-inch angles. en i . an 
Power- aged remade! riven, 
driven. s ti hi , ses 7) ae old rt 
a” garke bhittgn , 
Heads. 951. Rivets must have hemisphericel, heeds, 


contrie with the chank of rivet, of a height sae lan Ian ‘x 
the rivet and Le in full contact with the surface. ‘ ‘ 


Vere iT lpia aeE ar A 
Holes filled. 252. Rivets must fill the holes ; no loose 
caulking or recupping, will be permitted. 


Rivet holes must be accurately laid off before punching. When Ne erirmise 
4 oe member are bolted up, the holes must match scour: 
that the cold rivet can be inserted without drifting. 


IMA, ‘Tho pitch of rivets shell not be less than 3 diameters of the Rives. pic 
Finch rivet, nor more than 6 inches, in the line of stress, in 
composed of plates and shapes, for j-inch rivets and 5 inches 
rivets, — 


of rivets, at the end of compression members, shall not 
F diameters of the rivet, for « distance equal to twlee the 
@ meraber, and in flanges of girders and chords carrying the 
ch shall not exceed 4 inches. 


betwen centres of rivets for plates under compression 
exeeed sixteen times the thickness of plate in line of 
y times the thickness at right angles to line of stress. 


centre of a rivet shall not be nearer a sheared edge of metal Mtge éte- 
: for f-inch rivets, and 14 inches for f-inch rive, and tos “""* 
tdige 1} and 1) inches respectively. The maximum distance shall 

' __ aiken ga 


holes in tension shall be estimated at one-cight larger Net section 
- of the rivet before driving. at pivots. 


I rics a seis ss, Bevin hk 
i be weed. 


The dies will not execed the diameter of the punch by more than Dies. 


at) 


gh 
ea 


inking must be neatly done, all holes of the same size, Couster- 
nk rivets must completely fill the holes. 

riveting must be reduced to a minimum, and such rivets Field rivets 
not @ greater diameter than [-inch. 

vets will not be used in direct tension, but in any case where 

tension, may be permitted they shall be estimated at two- 


f e unit stress. 
_ EYE-BARS, PINS, PIN HOLES AND BOLTS. 


sears shall be wpect on the solid bar or rolled without weld- mye-bare 
having an cstablished reputation for the manufacture of “** 


fo work on the bars will be done at « bine ent, and all bare Sore 
annealed after forging. 


heads of cye-bars shall be so proportioned that the bar will Meets 
» body instead of the aye ; they shall be clear forgings, free 


Variation of 
lengthe. 


Nate 
parallel. 


Pie at. 


Pin holes. 


i 


from flaws and of full thickness in the necks. They shall be per 
straight before boring. The holes shall be in the centre of i is 
the centre line of bar. io ii 


264. Bars, which are contiguous, or belonging to one 
structure, shall be bored at one setting of the drills at t 
ture, they shall be of such equal length between pin holes that: 
are piled upon sack, othey Sie te ee 
onda, without driving. 4 


265. In pivcos not adjustable for length, no variation in ler 
more than “inch for every 10 feet will be permitted 


nor re 
iseinch for their entire length between centres of pin holes, 3 ‘ ie 


200. The bars of & set shall be laid symmetrically about ¢ 
pin and as nearly parallel to the axis of truss as possible, The m 
allowable inclination of any bar being limited to 1 inch in 16 f 
vacant spaces between chords and posts must be filled with roud 
filling rings. hat a 


oii 

967. Pins shall be turned straight and smooth to a ¢ 
ft the pin holes within Ye-inch for pins under 6 inches in 
and within ‘42-inch for lateral pins and pins over 5 inches in « 
They shall be turned to a smaller diameter at the ends a 1 dri 
place with a pilot nut. There will be a washer for adjust un 
least one nut unless recessed nuts are used. i 


268. Pin centres will be in the centre of gravity of the m 


the eccentricity required to provide for their own weight, ar 
tinuous chords pin centres will be in the same plane. 


900. Pin holes must be bored truly parallel’ with 
fectly square with the member. They shall be bored with a sharp t 
and a finishing cut will always be taken. The finished le 
be perfectly smooth. The play in the pin holes shall » 
inch for pins up 10.8 inshes in diameter ani Sieincs Sane 
inches in diameter. ‘ at jaa 1 


270. I pin Yt, rife by platy the psu wil 
the allowed pressure on pins. 


The reinfore plates must contain enough rivets to transfer & 
the bearing pressure, and at least one plate on each side 
lese than 6 inches beyond the edge of the furthest batter | 


271. Bolts will have hexagonal heads and nuts. 
will not be used. Wrought iron or steel washers will b 
heads or nuts of bolts bear upon wood. : 


279, sr a tien sca | 
permission. ) 
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oP od ‘i 


Enon 


~S 


pers 
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we the holes must be reamed or drilled from the solid and the bolts 


to fill the holes with « driving &t. A washer not lees than 
ine! eh thick shall be used under the mute 


2 sping ap wera meray foun per iar 
hs not be lees than Ij-inch diameter for trusses, and enter the bets 
y at least 12 inches, and placed not nearer than 6 inches from face 
F the coping. Anchor bolts for vieduet towers and simi- 
shall be long enough to engage « mass of masonry the 
of which is at least one and one-helf times the estimated tensile 
| ST idits eueh: enn ol Wel, G48 02h Dodie end. ot, belts 
sulphur or ‘ 
-_ SHOES, BED PLATES, &e. 
Sins hail bo provided pier Lense, or plete of agphowed Mem, 
‘2 shoes at both ends, of sufficient depth to distribute the 
Pre y on the masonry. 
Wk pleten, or bones, thell have « wainionem thickness of G4nth & == 
eses, and must have planed surfaces and be of such dimensions 
pressure per square inch on the masonry shall not ex- 
pecified. 
RT. Sheet lead, not less than j-inch, shall be placed between the plates =" 
on masonry, when directed by the Engineer. 


te spans rest upon the same pier, if specified, = continuous Costineoms 
bf not leas than f-inch thick will extend under the two adjacent 


Sd 
. oa 


Set plates. 


‘plates and bearings must be fox-bolted to the masonry, the Brartegs. 
to be held rigidly, and the sliding ends, while free to move 
ly, must be fixed against lifting or sliding motion. 


280. All bridges, over 80 feet span, will have, preferably, hinged Prietioa 

ends and 0 nest of turned friction rollers at one end “"™ 

planed surfaces; they shall be protected against the = 
se of dirt, and shall not be boxed in so as to retain the water. Their oS 
ion shall be guided iri an efficient manner, and they shall be coupled ee 

+ with substantial side bars so arranged that the rollers can be 


st 


—- 4 


x. Tea oom nae he tne thal 6 teaches Gemstar oul peepertiene |< “ 
it the pressure shall not exceed the roller unit stress specified. 


Bete sl rl nd ig ea of pli a erin 

o 
ay ‘Under £0 fect open at ons ond there will be friction plates which Pricties 
h | be free to move on a planed surface. platen. 


Retoreosting eer. Rack, none. of: hesainn will 


Size of 
angles. 


38 7 ae a ¥ 
LATERAL BRACING.  —s res ini. 


282, The top lateral struts, preferably, will be the full depth | od 
chord and will be securely riveted thereto. Top lateral bi 
stiff and in spans of 200 foot and over it will consist of angles Ie 


os. The ede fs alae Sa 
efficient. If connected above or below the main chords the the 
be proportioned to resist the bending induced by the 
ponent of the lateral. 


2, Lateral, Yngiadinal and tanevrse asing ll 
compression and tension. 


285. Kneo-braces will be used at the portals and at each p 
and shall be designed to form rigid and efficient connection betw 
lateral struts and the posts. 


When thero is sufficient head-room substruts and sway fi 
be provided. 

Portals will be as deep as head-room will permit and. 
rele Mileel wit SOS 2 ee 
chords. ; 


986..In decked bridges transverse bracing will be p Dro) 
panel ; the transverse bracing at the ends shall be of the same 
strength as the end top lateral bracing. The bracing must 
clear the ties. 


= 


ae 
ae 


iat nel 


aoe) Ok MES 


consist of two_ 
secting members, securely riveted at ga tg ett 


908, The minimuns sined angle in lates] Aeaslnn will by 
dringh. ot, lean sham. Sons. cheete Shree; AiaeewaP ati angle 
be used at the connections. Mabie Atos? atom 


' a Rert +f 


JOINTS, SPLICES AND CONNECTIONS. 4 


bed fe 
S98. Zokmtacin sinetedveaincadeetbedidee Aabaleian 
be fully spliced, their abutting ends shall be dressed stra‘ 
The sections of compression chords will be connected at the ak 
by splices sufficiently strong to hold them in true position, 
Abutting ends must be brought into close contact when 
splice plates, and the rivet holes reamed in position | 
works, all pieces being match-marked for erection. 


290. Web plates will be fully spliced for bending an 
css sil care bes am ov swe ot hen 

Sections of top chords of railway bridges shall be o 
a 
side of joint. ae 


seetio required for bending, the side splices being proportioned to O° 
. jithe maxiovan shear (chord comidéved osc simple techn) stead 

and the top and bottor splices each to take the maximum bend: 

oceurring at any point of panel. 


a When the compression members are furked, to counect to the rertet 
b the compressive strength of the ends must equal the compressive ““—erre'* 
n ee 8 Nas 2 Oe meme. 


Eri ‘quills of alt members which eidlih Siuedét fotés’ Uli Wi coneast 
to exact angle with axie of member. : 


le angles must be connected by both legs or else the section Singtc anaie 
ne only will be considered effective. —— 

E Turabockles and clevisee mest develop the strength of the wen Turatechine 

a 


it is necessary to reinforce metal about pin holes or Reteterve 
plate shall lap over the flange angle of the member ”""* 


A 


97. Care must be exercised in the design of riveted tension mem- Net ares 
me with pin hole connections will have, in net area of seetion, he 
se pin hole, an execes of «trength of 50 per cent over the net 

ofr . ond the net aren beck of pin hole must be equal to the 


8. Tn members the rivets shall be eymmetrically arranged from the mives 
we. Eecentricity of stress shall be avoided in all riveted con- 


ae mies | 


, ils intermediate posts both web end pin pletes will extend beyond Wed ant 
ery lpm pareve naa 


. When the flanges of posts, or struts, are cut to clear eye-bars the inapheaame 
eut must be reinforced cither by a diaphragm or plates extending plates 
mat 6 inches beyond the cut, and of sufficient «ection to develop the 
ength of the member. Such cuts shall be avoided whenever 


oe one plate, shall, in chords, be so proportioned that the centre Ps. Sasre 
ins in abutting members shall be in the same line and in the centre of 
ty of the section. 


Sbiels hich will bo tact qocemsBble for inapestion, desuing Bilin 
will be preferred and they must be of » design satisfactory 


F 
E 


” 
PS rr 
ae 


son, Xo material shal howe ln, shoes sen 
bridges, whether in plates or shapes, except lattice bars, stiffeners « a 
wind bracings; the latter shall not be less than 3 by 24 by ¥ 


peepee riety 
built or rolled, shall be less than 10 inches, No angle less than di: 
Wa by 1 inchen Wa he ted i StanaPaieE rent ae a 
ber having j-inch riveta. 


Xan ow th 8 nhs Hy 4 yin wl 
in any part of the structure. 


No lateral or dingoal re abl have los are than neh ' 
The splice plates on chords and end posts will be at least 7 


904. Angles, covered-plates and web chests, will be as lane una 
able to avoid splicing. peri ; 


905, Upper chord dnd end poate will aeaslas Gt babes olled 
and sufficient metal will be concentrated at the bottom so that t 
of gravity will be near the centre of web-plates. They will have, | 
ably, a cover plate, which if specified by the Engineer may net & 
sidered as area of cross sections. ae 


S06. ‘Tho unsupported width. olathe: slate, aaeaaenae | 
hell upnpe easned thirty, sheees tie Siena eran 
chords and end posts, when it may be forty times its thick: 


307. In through trusses the end posts must be battered. E 
cal suspenders or hip hangers will be stiff members and 


Stik. "pada wital Wolicen Skomde olf gre ame Al Rene anal 
the two end panels at each end of span. f 


309. Long intersecting members in tension shall be 
to prevent rattling. 
rp. ltl 


310. Vertical posts, made ap of two channels, the 5 
through the webs, hs Range sidiah belay tues Mien Bane 
action of the floor beams transferred to both segments by a dia 
side plates. When diaphragms are used tie plates will be requi: 
end of diaphragm, their length to be not less than the wi 
member. nPyiprereT) 


811. De loa tbe mde fr th bang in i 
by te portal bracing and sway struts and rods, ooo Ta 


312. In compression chord sections the material nust | 
centrated at the side. a 


8A wrkmaship matte ca Shear 
and accurately done, and all parts of the 


ra«3 Aids 


o“ | The ends of floor beams and stringers when framed in shall 

at in the facer. The end angles must be fitted so that the facing 
jot reduce the thickness of the angles by more than one-eighth of 
ines thickness. The cut shall extend over the whole thickness 


14 Heating teats to cut them will wot be allowed and no patched aig 

+ i be accepted. 

$15. ‘The ‘several pieces, forming bailt-up members, must S¢ closely Chess 0. 
: open joints, especially pin-bearing chords and end posta. 


All members must be straight and out of wind ; bole sccurately Members 
be th in position and direction ; lengths correct within 1-38-inch 
thin Yée-inch for all picces of the same set. roe 


Ss erchaplabmagewperslen take tog i 
fing and before assembling. The templates must lay flat with- ** — 
m while marking is being made. 


Pm where water will lodge will be drained or filled with Lotgnest 
roof ial 
BLAM bridges, of 80 feet span and over, shall be cambered by teak 


lengths of upper chord longer than the lower chord im the wegths. 
a of j-inch in 10 feet, if not otherwise specified, 


shapely lybeerdenpelpenen betas ap- 
ms of main ties, but considered when computing lengths of 
id posts and counter braces. 


; 


QUALITY OF MATERIAL : a 

20. All wrought iron where permitted to be used must be tough, quatity. So 
ile, brous and of uniform quality for each class, free from blisters, | i 
“m | buckles, flaws, or cracks along the edges, and must be Re se 


~~ 


Sh itenn eat fetus Ctihoed aantectell hall chow cin wtienate till’ teats: 
of not lee than 50,000 pounds per square inch, an clastic 

% lees than 26,000 pounds per square inch and an clongstion 

# than 20 per cent in § inches. 


bend solid 180 degrees without sign of fracture to a curve 
is equal to twice the thickness of test pieces. Test pieces 
and broken shall show « fibrous fracture of at least 90 per 


_ " 
e vite - 


"992. The unit stress will be 90 per cont lees than medium steel, Cait stress, 


¥ ; , ie. P 
- | Po oe SS a 


7 ee 


il 


Plates. rolled 
edges. 


Tests by 
melts, 


Test pieces, 
point. 


i 


i 


42 
STEEL. 
223, All sto! shall be mado, at works of established re 
either the acid or basic open hearth process. i 


quality, tough and ductile, Bessemer steel shall not be 
structure. ~~ 


294A ished materia! shall fos ros i tala 
flaws, blisters, or other imperfections ; it shall have a sinooth fi 
edges, a clean surface, and shall be true to section. ¥ 


825. Plates 36 inches in width and under shall have rolled ¢ 


326. A copy, of all tests, analyses and inspection of every m 
as prescribed in these specifications, shall be furnished the i 
will be appointed before the work commences by the Engi 
services shall be paid for by the Contractor. 


Melt numbers shall be clearly stamped hot on all f 
sited dren ‘the easlia, od aulesheld Secdaces. ancnnane 
of the melt numbers, may be causes for rejection of the 


Rejection of material, if the tests at the mill are not sat 
shall go by melts, excepting when the local character of the de mated 
be clearly proven. Up 

S01, Biccine, ‘biltots;‘te lab wit te ecaaar te rface de 
flaws, or blow holes. ’ 


828, The tensile tests for yield point, ductility and ultimate & 
will be determined from standard test pieces not less than 10 i | | 
of at least one-half square inch section. rd 


$90. ‘The tect piccsd shall be tehien frqsh spdeaptal sella ll au 
heat. It shall not be permitted ; se ee 
special heat to meet the requirements of the specification. — 


quired by the Inspector. Qi “an | 

881. The Contractor shall furnish, at his own cost, from e 
at least two bending and two tension test pieces and such drifting t 
pieces as the Inspector may require, also the labour and to res 
to make the tests, and if the requirements are not plied wit 
additional test pieces as may be required by him will be ft 


$20, Test plocns,, when: beokina ti’ dhl/aiilabal Saale | at Ry 
fracture, a uniform fine grain of a fine silkish blue gray ay n: 
a. ee 
brilliant specks. a 

333. The steel which will enter into the construction of any st 
reeked seier: Sle. ae ee eee : 
ments :— 


i 


é at) 
hee 


aan 
r 


a test 
Sicimiadaatedin cts) tern ec ¢ adie Cane ee 

Beier So curve of seduction trom Gn clenguten on teil cite 

ss QUALETIES OF OFEN MKARTH eTERL 

i rs eS = 1 | A a = | 


aiintadt icin Glatt Va Qctacitlie Goud col cana Chemica! 
ib aso of pouring off cach mak of teal, and a cormect copy of S==tt™ esalyete, 
shall be furnished the Engineer or his Inspector. 


Z. Check analysis shall be made from the finished material if Chemica! 
sae the purchaser, in which case, an excess of 25 per cont above 307s 
rg ired limits will be allowed. material. 


ts Le a red heat and cooled in water 75° Fab. 506 demsece enone "=e 
Sige Hlemetor lo cynel to dhe thickness of the tent plows, withent 


a as a ad cal ae le 

eated and cooled in water 75° Fah, 180 degrees fat upon them- 

¥ signs of cracking. 

mM , Rivet rods or finished rivets, when heated cherry red and cooled tests, revet 
water & temperature of 75° Fah., shall bend double to close contact '*** 

withou Setowing cign of trectens'oa ths outer side of bent 


ae 


Testa, 
anglice. 
Driftiag. 


material. 


Pailure in 
shop. 


941. All angles shall open fist, and angles 4-inch and less in thick- 
ness will bend cold ahut under the blows of a hammer without signs of 
fracture, duit ta 


242. Punched holes pitched two diameters from a sheared edge 
permit cold drifting, until they are expanded to one and one-half times 
their original diameter, without cracking the sides of the metal, be 


243. All material shall successfully bear every test similar t 
to which it may be subjected during the process of m ; 
demonstrating ita ductility and toughness. Any material which ¢ 
come up to the standard of these specifications, ax deseribed, sh 
sejepted, and it shall not entge intp the nonetruetion a0 Taam 


$44. All material, which; vabsoquently. to. the tenth ie au 
to its acceptance there, during manipulation, in the shops al 
punch, &c., which shows it is not of uniform quality, as herein speci 
and also hard spots, brittleness, cracks and other defects a ' 
sash material ‘shall be. xaledied and ehall in seule mane tre 
with material which shall conform to the conditions of this specifieatio 
and it is expressly understood that mill inspection and ace oe 
not bar the right of the Engineer, or his representative, to re 
shop any material which proves to be defective or inferior in qi 
uniformity to the material herein specified. — 


$45. The slabs for rolling plates shall be hammered, or ro 7 
ingots from which the scrap has been cut off ; the ingots shall t 
the cross sectional area of the slab. 


346, Eye-bars shall be rolled from ingots at least 25 5 
top cut off and exhibit no piping. The bars shall be rolled ¢ 
heat from the bloom which shall be of sufficient thickness tc 


proper amount of work in rolling and the proper finishing a 
an 1a 


347. Tests pieces shall be taken from the sides and ¢ 
and tested, annealed and unannealed ; the cold unannealed bs 
shall be nade on pieces the fell Ghickneas of MINERS? 


ni eel 

248, Material, in fall sind members if not in exeptonal si 

sizes, tested to ‘destruction, is intended to develop the f 
required of the material above specified for test pieces both 
limit and ultimate strength. Elongation of full sized 

with their length, but shall not fall below 124 per cemt, eg 


349. All members, wholly or partly hekted ta, Geaaeeee 
stiffeners, or bent cold, shall afterwards be carefully 
sharp or unfilleted corners shall be allowed. | i . 


350. Pins up to 7 inches in diameter will be rolled, 


Pins exceeding 7 inches in diameter shall be forged under a stes 
hammer striking a blow of at least 5 tons. The blooms shal ave at 
three times the sectional area of the finished pin. = tS” 


Pratt 


5 4 .-- = =. _ 7 


& 
45 

1. No forging shall be done under red heat and the rounds must Ne forcing 

‘straight and free from flaws oF cracks. foes La 


: a 
352. Material, other than plates, varying more than 2) per cont 
; must be rolled to full gauge thickness at the edges. 


7 
; * 


= TEST OF EYE-BARS. 


is 


| 


Pull sised cye-tars, of medium steel tested to destruction, shall tye-tare 
tensile strength of not less than 54,000 pounds per “tit © 

lor bars 9 square inches and less in section, and 54,000 per 

th for bars in excess of the above ares ; an clastic limit of not 

the ultimate strength of the bar. They shall clongste 

mt of their full length and 12) per cent in « gauged length of 15 

ch shall include the point of fracture in the bar. 


d. All fractures shall show more than 80 per cent silky, and be free preccere 
r spots. A dull fracture will be considered a failure of test. spprersnce 


etc wil be even a othe mumber and sae of eebare 8 sone 
to destruction. The material will be rolled at the same time [". 7 
for the structure. The number of tests of eye-bars will 

spon the number of bars in the structure. There shall be, at 

two eye-bars for a single span and about three per cent for a emall 

of bars. 


For a large number of bars about two per cont will be tested. If in 
tests the bars prove uniform in strength, ductility and elasticity, 
aply in every way with the requirements of the specifiestion, the 
wor may reduce the number of tests. 


fi. Zong bars taken at random from « number of finished bars MAY Long 
st in two and upset at the cut ends and cach piece texted. mar 


% . Bars which break in the eye, and comply with the requirements pars 
y of the bar, will not be cause for rejection of any lot of bars brve® = 
of the bars tested break in the eve. 


x 


Al ings shall be true to patterns, free from pouring faults, 
rinkage, cracks, waste sponginess, excessive sand pits or injurious 


fi 
, ¢ 


2 ev ; 


a Finished castings shall be practically {ree from blow-boles with primes 
ir surfaces reasonably clear and smooth in finish. castings 


Resnere for 


i 


- es - 
— i ‘ 


200, Sten! costings willbe tented i strength nnd auiiasesnn 
runners cast with the pieces and annealed with the casting ; } 
will be turned down to not less than one-half square inch section fora 
length of about 6 inches. They shall bend cold at right angles on a ro 
corner to a radius of the diameter of the test piece, =| 


361. Steel castings shall be uniformly annealed. 


CAST-IRON. 


362. Except where chilled iron is required, all castings 
tough gray iron with not over 0-10 of sulphur. They shall be fre 
inigstons, Matetiapien,. cold, shart. (ene to, Penn ese ena 
workmanlike finish. ee 


363. Sample pieces, 1 inch square, cast from the same wat of 3 
in sand moulds shall be capable of sustaining on a clear span f 4 
a contzal lend of 00 pokenda shim, tontnd inde ia aan ifm fs wth 


Three test bars must be furnished by the Contractor fi 


which, if upon testing they do 204 tind Gabinete 
made from that heat of metal will be rejected. ee 


204, A blow from a hammer shall produce an indentation, on 
angular edge of the casting, without flaking the metal. “oe 


[yay 

add 

TIMBER. “2 
athe ope 7. 


865. Timber shall be first-class oak, white pine, red or Norv 
Georgia yellow pine, British Columbia ‘ Douglas’ Fir, , tar 
it shall be sawn true and out of wind, free from wind shakes, Ia1 
loose knots, decayed or sap wood, worm holes or other defects in 
its strength or durability. Ke the. a 


” 


‘ 


PAINTING, CREOSOTING AND ASPHALT. ust ag 


pany EN Dis 9 
268, Before painting, all metel surfaces shall be 4 nu y ne 
and cleened of all rusk neiles or dest Sie Wi GE st, st 
scrapers or stiff wire brushes, and finally dust off surfaces with a 
bristle brush. BAP. 


367. If not otherwise specified the paint used for shop 
will be pure red lool aol eaasia ece a te 
not be thinned with turpentine, benzine or other liquids, and no 7 
be allowed. The red lead and lampblack will be mixed dry, the linsee 


' added, the mixture stirred to « uniform consistency and appl dat. 


Each gallon of paint will contain 12 pounds of red lead and 0 on 
lampblack ; only a suficient quantity for immediate use she i , 


at once. on eh 


ae 


368. All surfaces, inaccessible after erection, shall have two coats of Sertacrs te- 
all planed or turned surfaces shall be cleaned snd coated with ast rivsise 
mixed with tallow before leaving the shops. 


1 Im riveted work the surfaces in contact Shall be painted before being 


‘The field coats will be iron oxide, or such other paint, as may be Piett costs. 
by the Engineer. 


5 t Paint shipped in barrels for fel purpmes must be prevented Paint 
me by frequent shaking. 


I. After the erection of the structure, all rust spots must be Metas 
y cleaned, where the paint is rubbed of egos, rivet, nat and bolt Stier ere 
x pmust be painted. 


. When dry the structure shall receive two coats of paint. enaey of 
coats will be of « different shade of colour if so directed. 


B. Upon the canals and when preferred by the Engineer if « white white paint, 
ar i (eben rerh lade! 


painting will be allowed in wet or freezing weather. Al we 
ing must be done by skilled workmen. 


: Cross ties, guard rails, or any surfaces of wood in contact with Weet, cost 
on, and countersunk holes for bolts and washers, will be painted “* ** 
hot tar thickened with lime, or with paint. 


76. When the contract includes creosoted timber it will be thorough- Creeseting . 
sed at a temperature not exceeding 250 degrees Fah. in « vacuum 
of mereury and not less than ten pounds of heavy creosote 
‘esch cubic foot of timber shall be forced into the timber under a 


Mr ofl chall contain not less than five per cont of tar acids Crsseste 
less than twenty-five per cent of ingredients that do not distil 
@ temperature of G00 degrees Fah. It shall generally be solid at 
me of 50 degrees Fah. and entirely liquid at a temperature of 
legrees Fah. It shall be free from water, ammonia, naptha and any 
: <a 
Through solid girder trough floors, or where specified, will have sconan 
Mr dician. tos baits Tana at Goce pwd Mettoaees OF 
f ome part asphalt, two parts sand and three parts limestone 
» thoroughly mixed and rammed into place with tamping iron. 
eo 
Asphalt shall be of the best quality free from coal tar or ite Quay of 
; it will not volatilize more than one-half of one per cont under “*O*** 
of 200° Fah. for ten hours. 
underground structures « flow point of 185° Fah. and « brittle 
6° Fah. below zero will be required. 


¥ 9 


¥ 


Gare ot . 
matertal. 


Interfer- 


Risk, 


Payment for 
bers 


test. 


Work fully 
erceuted. 


* drawings or specifications or both, which may be necessary to 


48 — 
ERECTION AND GENERAL = 
Sa The mati fo he tract ar and ero dl 


shall be kept clean and so handled and stored that injury to 
will be avoided. ° 


881. The Contractor must conduct operations #0 as not to it " 


with the navigation of, or works of the canal or river, the 
the railway or close any thoroughfare by land or water, © | 


38%. The Contractor must furnish all necessary fa rks 
remove them after completion of structure. Abe a -ge 


383. The Contractor shall assume all ek fiom boll 4 
casualties of every description, tid saat a ee 
incidental to, or in any way connected, with the manufacture, 
and maintenance of the structure until it final scceptaness: 


384, If patented parte r6 vised the’ Ooateassen sie SeStsiiae 
ernment against any or all claims on account of the use of such pa 


385. The Engineer, or any inspector appointed by him, 
every facility for testing and inspection of material and workmansl 
he shall, at all times, have access to any part of the mills, in wh ha 
the material is manufactured or work performed, and said n 
any inipeotor appointed by hina, siall Mave irest saperviasde, a 
of all material, shopwork and erection ; he shall have f 
work which in his opinion does not conform to this sy 


386. When members of a structure are tested to ¢ 
fulfil the conditions of this specification, they shall be p for atc 
sali a tt dish iye': 1 tor | 
bear the cost. S - ae 

387. Before the acceptance of the structure, the E 
s saemeach tent by Seceiee ended tea ena on 
exceeding thirty miles per hour, and bringing to a stop at any po 
means of air or other brakes, or by resting the maximum load 
structure for such period of time as he may think proper, _ 


S00. After tents the strectenb shell shows prmaNene r ch 
in any of the members. es, at ce 


889. It is hereby fully understood, that, anything neces <a 
full and complete execution of the work according to th eral | 
and meaning of the deksises snd sposllaaiinesateal = 
materials are to be furnished, so as to fully execute the work in a we 
manlihe pannee, whefliax, hevelas Gurtionleliieemnane at. 


iS De ie 


390, Should anything appear to be omitted, or errors « 


pat? 
aa + he 


performance and completion of the work, the Contractor shall | 


Oe — 
ca ’ -f a 4 be = ; "cag = id 


ae oe ot gl ot ay be ang ch 


a 
. ee 


iis aibsboiib AC Geel S'pix cableb Gbiosaelieibier Gaidindc- ents 
(le ae oer nah 
rice, contracts by scale weights. 


In cose of:any alteration, additions of deduction, the pian shall str 
ed in writing before such work is performed, and no extras 
ed unless first agreed upon in writing and the price fsed. 


whale work 10 be done to the fall and entire satinfaction of mepeion 
finer, who shall have power to reject any part or portion of "*** 
k not in strict accordance with the specifications and the drawings 


ae 


word ‘Engineer’ as used in this specification refers to the Eagiseer 
igincer of the Department of Railways and Canals, or to his 
, the Bridge Engineer of that Department. 


I the materials must be of the best clans of their respective Priews tes- 
prices tendered for the several items of work must cover” Soter Sure 
@ cost of their purchase, delivery, workmanship and every con- 

‘eonnected with the due prosecution of the work as herein de- 

the instructions of the Engineer. 


Te on all work for the Government of Canada will not be com- Teaders. 
unless made strictly in accordance with the printed forms, and 
we of firms, except there are attached the actual signatures, the 
of p occupation and the place of residence of each member of 


_ 
- ii 


#3 
4 
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oF the due fulfilment of the contract on all work done for the seeerny 
nt of Canada satisfactory security will be required by = deposit $20 sus 
@ an amount of ten per cont on the bulk sum of contract. 


ROBERT C. DOUGLAS, 
“a Hydraulic and Bridge Bnagineer. 
ruanr or Ran.wars axp Canats. 


A—Standard Clearance, Railway Bridges, 
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